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Electconic drciiit for amplification of a bipolar signal 
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The present invention relates to the field of low noise signal amplification, and 
more particularly without limitation to anoyplification of bipolar current signals, especially 
symmetrical signals. 



5 

The usage of current mirror circuits for the purposes of signal amplification is 
as such known fixim the prior art WOOO/31604 shows a current mirror circuit where the 
transconductance stage generate a current which is divided over first and second 
semiconductor elements, so that the input voltage is maintained close to a reference voltage. 

1 0 This way the input inq^edance significantiy deoieases in order to obtain a large bandwidth. 
However, the iiq)ut impedance depends on the current amplification factor of the 
semiconductor elements which in turn is dependent on the iirput current 

W002/19050 shows a current mirror circuit in which the dependence of the 
bandwidth on Ihe input current is reduced. Such a current mirror circuit is shown in figure 1 : 

15 Figure 1 shows an embodiment of current mirror stage 14. The current mirror 

circuit includes a current input terminal 14A, a current output tontninal 14B and a connnon 
terminal 14C. The input terminal 14A is connected to a photodiode A, which is represented 
here in the form of a signal current source Sph and a parasitic c^acitance Cph. The output 
terminal 14B is connected to a load Zi2. 

20 A first controllable semiconductor element Tl is arranged between the current 

input terminal 14A and the common temunal 14C. A second controllable semiconductor 
element T2 is arranged between the current ou^ut terminal 1 4B and the common terminal 
14C. In case the semiconductor elements Tl, T2 are connected to the common terminal via 
degeneration resistors R2, R3. The controllable semiconductor elements Tl, T2 have 

25 interconnected control electrodes Tl A, T2A, which are also coupled to a bias voltage source 
Vbiasj for biasing said control electrodes at a reference voltage. 

The circuit fiirther includes a transconductance stage 12 having an input 12A 
coupled to Ihe current input terminal 14A and an output 12B coi^led to the common terminal 
14C. 
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2 15.10.2003 
The dicuit is characterized in fhat the interconnected control electrodes Tl A, 
T2A are coupled to the common terminal via a third controllable semiconductor element T3, 
and in that liie bias voltage source Vbias is coupled to these control electrodes Tl A, T2A via 
a control electrode T3A of the third controllable semiconductor element T3. The 
interconnected control electrodes Tl A, T2A are ftirfher connected to a current source SL 
In the embodiment shown the transconductance stage 12 comprises a fifth 
controllable semiconductor element T5 which is arranged between its ou^ut 12B and ground 
GND. The fiflh controllable semiconductor element T5 has a control electrode which is 
coupled to a common node 12D.of a series arrangement of a further controllable 
semiconductor element MO and a resistive in^dence Rl. The current source SI both biases 
the third and fifth controllable semiconductor elemraits T3 and TS. 

The circuit shown in Figure 1 operates as follows. If the photodiode provides a 
current Iph to the input terminal 14A of the current minor, the transconductance stage 12 will 
withdraw a current Ic fix>m the common terminal 14C of the current mirror such that the 
current Lil via the input terminal 14A equals the current Iph provided by the photodiode A. 

The operation of the current mirror formed by Tl and T2 has the effect that a 
current LOl is delivered by the second controllable semiconductor element T2. The currents 
have a ratio I01:Iil=PJ> being the area ratio of the controllable semiconductor elements Tl, 
T2. At the same time the control electrodes TIA, T2A of the controllable semiconductor 
elements Tl, T2 respectively conduct a current Ibl, Ib2 such that Bl - a Ibland 101 = a Ib2. 

As the third controllable semiconductor element T3 is biased by a current 
source, the signal currents IbH-Ib2 will be conducted substantially from the common 
termmal 12B via the mam current path of lhat semiconductor element T3. Hence these signal 
currents Ibl, Ib2 substantially do not contribute to the current Ic withdrawn by the 
transconductance stage 12. The current Ic therefore is Iil(l4-P). If the transconductance stage 
has an amplification gm, then the input resistance amounts to (1+pygm which is indqpendent 
of the current amplification of the controllable semiconductor elements Tl, T2, where 1 : P is 
the area ratio of the semiconductor elements and/or of the capacitive inq>edences. 

A disadvantage of the prior art current ixiirror circuit of figure 1 is that it 
requkes bias current Iph in the signal path if the input signal is bipolar or if the circuit is ac- 
coupled to the source. This way a substantial amoxmt of noise is added to the input signal 
which degrades performance of the current mirror circuit 
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The present invention provides for an electronic circuit for axoplification of a 
hspolBoc current signal. The electronic circuit has a pair of con^limentary current mirrors. The 
current mirrors are interconnected at an input terminal and at an output terminal of the 
electronic circuit When the bipolar current signal is applied to the input terminal one of the 
5 current mirrors of the con:q>lunentary pair is active while the other one is in an off state. For 
example, during a positive signal swing of the bipolar current signal a first one of the current 
mirrors of the complimentary pair is active while the other one is of^ likewise, when a 
negative signal swing of the bipolar current signal occurs the active current mirror transitions 
into an off state while the other one becomes active. 

10 It is a particular advantage of the present invention that the electronic circuit is 

usable for bipolar, sr/mmetrical current signals without a requirement for adding any DC 
biasing current at the input terminal. Thus the electronic circuit of the invention has a low 
noise performance which makes it particularly suitable for applications in the field of medical 
instrumentation, mobile phones, as well as digital broadcasting system, such as digital audio 

IS broadcasting (DAB) and digital video broadcasting (DVB). 

In accordance willi a preferred embodiment of the invention bypass capacitors 
are coiq)led to the current mirrors. By means of the bypass capacitors signal distortion is 
avoided when the polarity of the bipolar current signal applied at the input terminal changes. 
Further the bypass capacitors are beneficial as the stability of the feedback loop of the circuit 

20 is inq)roved Another advantage is that by means of the bypass capacitors the bandwidth of 
the electronic circuit becomes independent from the b^olar current signal applied at the input 
terminal. Preferably the bypass capacitors have small values in the order of a fow pF. 

In accordance witii a further preferred embodiment of tiie invention a pair of 
degeneration resistors is coupled to each one of the complimentary current mirrors. By means 

25 of tiie degeneration resistors the matching at high currents is improved while tiie shot noise at 
high current is reduced. Further Ibe stability of the feedback loop is iniproved, especially if 
the degeneration resistors are connected in series with the base-emitter capacitance of the 
respective current miiror. 

In accordance with a further preferred embodiment of the invention liie input 

30 terminal of the electronic circuit is coupled to a control terminal of a feedback transistor 
which provide the feedback loop. Preferably an NMOS-type transistor is used for Ihe 
feedback transistor; alternatively a NPN-type feedback transistor can be used. 

In accordance with a further preferred embodiment of the invention a bipolar 
current signal is applied to tiie electronic circuit by means of a resistor being connected to the 
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mput tennmal. As the input tenninal is cotmected to virtual ground the resistor coupled to flie 
input terminal transforms the bipolar current signal to a bipolar current signal at the input 
tenninal of the electronic circuit 

It is a particular advantage of the present invention that an electronic circuit 
S can be realized where the noise at low frequencies is substantially zero if no input signal is 
applied to the input terminal. This enables applications of the electronic circuit for zero- 
intermittent frequency (IF) or low-D? receivers, such as for mobile telephone, DAB, DVB, 
and medical systems. Further the electronic circuit can be used to amplify the current 
delivered by a passive MOS mixer. 

10 

In Hie following the invention will be described in greater detail by making 
reference to the drawings in which: 

Fig.l is a circuit diagram of aprior art current mirror circuil^ 
1 5 Fig. 2 is a circuit diagram of a preferred embodiment of an electronic circuit of 

the invention. 

Fig. 3 illustrates operation of the electronic circuit of figure 2 during a positive 

signal swing. 

Fig. 4 illustrates operation of the electronic circuit of figure 2 during a 
20 negative signal swing. 

Fig. 5 shows a preferred embodiment of the electronic circuit for amplification 
of a bipolar voltage signal. 

Fig. 6 is a block diagram for an ultrasound application of the electronic circuit 

25 

Fig. 2 shows electronic circuit 200 wMch has PNP current n:^^ and 
complimentary NPN current mirror 204. 

PNP current mirror 202 has PNP transistors T2 and T4 and degraeration 
resistors R2 and R4. Likewise NPN current inirror 204 has NPN transistors Tl andT3 and 
30 degeneration resistors Rl and R3. 

The emitters of transistors Tl and T2 are connected at input terminal 206 and 
ibc collectors of transistors T3 and T4 are connected at output terminal 208. 

Further bypass capacitors CI, C2, C3 and C4 are coiqpled to PNP current 
mirror 202 and NPN current ndirror 204. 
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A jBeedback loop is jfonned by feedback transit 

T7 and c^acitor C6. Further electiomc circuit 200 has biasing current sources IbO and Ibl. It 
is to be noted that none of the current sources is located in the signal path which avoids that 
noise of one of the biasing current sources is added to the input signal applied at ixiput 
terminal 206. 

The bypass c^acitors CI, C2, C3 and C4 are beneficial as signal distortion is 
avoided when Ihe polarity of the input signal lin at the iiq)ut terminal 206 changes. Further 
the stability of the feedback loop is inqjroved by the bypass c^acitors and the bandwidth of 
electronic circuit 200 is made independent of the input signal lin. 

Degeneration resistors Rl, R2, R3, andR4 do further inxprove the stability of 
the feedback loop as each degeneration rcsistor is connected in series with the base-emitter 
capacitance of the respective current mirror. Further the degeneration resistors inqirove 
matohing at hig^i currents and reduce shot noise at higji currents. A further beneficial effect is 
that the DC output impedance of electronic circuit 200 is increased. 

The DC gain of electronic circuit 200 is given by: 

theratioofTl (T2) area to T3 (T4) area ifthe input current Im applied at input 
terminal 206 is low, 

theratioofRl (R2) area to R3 (R4) area ifthe ii^^ut current lin is Ingh^ 
The high frequency gain of the electronic circuit 200 is given by: 
the ratio of C 1 (C2) area to C3 (C4) area if the input current Bn is low, 
theratioofRl (R2) area to R3 (R4) area ifthe irput current En is Mg^ 
Fig. 3 is illustrative of the operation of electronic circuit 200 when input 
current En ^lied at iiq>ut terminal 206 has a positive signal swing. Jn this instance the 
emitter voltage of T2 (T4) is set to a voltage equal to VB2 via VBl, Tl, Rl, T7, T6, R2, and 
R4. The transistors T2 and T4 are off. Hence PNP current inm^ 
NPN current mirror 204 is active. 

Fig. 4 illustrates operation of electronic circuit 200 when ii^ut current lin 
applied at iixput terminal 206 has anegative signal swing. In this instance the emitter voltage 
of Tl (T3) is set to a voltage equal to VBl via VB2, T2, R2, T6, T7, Rl, andR3. The 
transistors T 1 and T3 are off. Hence NPN current mirror 202 is in an off state while PNP 
current mirror 202 is active. 

Electronic circuit 200 as show in figures 2, 3 and 4 is suitable for an5)lification 
of bipolar current signals, especially for an^lification of symmetrical current signals. 
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Amplification of a bipolar volta^ signal Uin can be accomplished by vohage-cmxent 
conversion of fhe bipolar voltage signal Uin. 

As shown in Fig. 5 voltage-current conversion is acconiplished by coupling of 
resistor 210 to ii9>ut terminal 206. As input terminal 206 is connected to virtual ground a 
5 voltage-current conversion is achieved thereby. Otherwise operation of electronic circuit 200 
remains unchanged. 

While feedback transistor Ml shown in Fig. 5 is an NMOS-type transistor it is 
also possible to use a NPN-type transistor as a feedback transistor. This way the bandwidth of 
electronic circuit 200 can be fixrther increased and thermal noise at high frequencies can be 
10 reduced. 

The isspat noise at low frequency is dominated by the shot noise of Ifae current 
mirrors and &e ftiermal noise of the degeneration resistors. 

The noise at hi^ frequencies is dominated by tiie thermal noise, which is 
converted to a current noise via the isput c^acitance: 
15 i%,{f) = 4kTRjC^r(^f A^IHz 

is the equivalent noise resistance. C^j, is the equivalent input capacitance. 

Figure 6 is illustrative of an application of electronic circuit for medical 
ultrasound apparatus 212. Ultrasound apparatus 212 has ultrasound sensor 214 for receiving 
an ultrasound signal. Ultrasound sensor 214 outputs a bipolar current sdgnal which is 
20 representative of the received ultrasound signal The bipolar current signal is amplified by 
electronic drcuit 200 which is coupled to the output of ultrasound sensor 214. 

The amplified signal is provided fix>m electronic circuit 200 to image 
processing module 216 which generates image data on the basis of the anoplified signal 
delivered by electronic circuit 200. Image processing module 216 is coiqpled to display 218 in 
25 order to generate an image output for a user. 
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CLAIMS: 



1. 



An electronic ciicuit for aniplification of abipolar current signal (lin), the 



electronic circuit conqnising a pair of complementary current miirors( 202, 204), the current 
mirrors being interconnected at an input terminal (206) and at an ou^ut terminal (208), 
wherein a first complementary current mirror (204) of the pair of complementary current 
5 mirrors is active when a positive current signal is q)p]ied and wherein Ifae second 

complementary current mirror (202) of the i>air of complementary current mirrors is active 
when a negative current signal is applied at the input terminal. 

2. The electronic circuit of claim 1, wherein the first current mirror is a PNP 
10 current nodrror and the second current mirror is a >[FN current mirror. 

3. The electronic circuit of claims 1 or 2, further comprising bypass capacitors 
(CI, C2, C3, C4) being coupled to the first and second current minors. 

IS 4. The electronic circuit of claiins 1, 2 or 3 further compris 

degeneration resistors (Rl, R3; R2, R4) for each one of the first and second current mirrors. 

5. The electronic circuit of any one of the preceding claims 1 to 4, further 
comprising a feedback transistor (Ml), a control terminal of the feedback transistor being 

20 coupled to the input terminal 

6. The electronic dicuit of claim S, the feedback transistor being an NMOS-type 



transistor. 



25 



7. 



The electronic circuit of claim S, the feedback transistor being an NPN-type 



transistor. 
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8. The electronic circuit of any one of the preceding claims 1 to 7, further 

comprising a resistor (210) being coupled to the input terminal for providing a bipolar 
voltage signal iiq)ut terminal. 

5 9. An ultrasound apparatus comprising: 

an ultrasound receiver (214) for providing an ultrasound bipolar current signal, 
a pair (200) of complimentary current mirrors, the current mirrors being 
interconnected at a first terminal and at a second terminal, the first terminal being coiq)led to 
the ultrasound receiver for receiving the ultrasound bipolar current signal, 
1 0 wherein a fibrst current mirror of the pair of coinplimentary current mirrors is 

active during a positive swing of the ultrasound bipolar current signal while a second current 
mirror of the pair of complimentary current mirrors is ofi^ and wherein the second current 
mirror is active during a negative signal swing of the ultrasound bipolar current signal while 
the first current mirror is ofT. 
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ABSTRACT: 



The present mvention lelates to an electronic circuit for anq>lification of 
bipolar symmetric current signals. The electronic circuit has a pair of complimentary current 
mirrors. Depending on the polarity of the bipolar current signal one or the current mirrors is 
active while the other current mirror is in an off state. This way adding a biasing current to 
the rnput signal is avoided which substantially reduces noise. 



Fig. 2 
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